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Abstract 
Presently, there are many types of rapid HIV kits in the market; each kit produces a different 
image to indicate the status of the patient’s HIV testing result. Despite the use of rapid HIV kits in 
HIV testing that provide fast and accurate testing results with specificity and sensitivity of 99%, 
these kits cannot be operated alone by the patient. Self testing for HIV is not allowed by law in 
many countries such as USA, Canada, India, etc. It must be done by qualified health care 
professionals, which might not be available in poor, low-resource areas.  A low-cost and smart 
electronic device has been developed recently by the author of this paper and his research team to 
perform HIV testing using one type of the available rapid HIV kits. However, this device was not 
designed to be low-cost or to be used in low resource settings. 
In this paper, a reengineering design approach will be addressed to enhance the developed 
device used for HIV testing to support all these types of the rapid HIV kits that available in the 
market. The device will be used to produce an electronic low-cost Point-Of-Care (POC) that can 
be used for HIV testing in low-resource settings. The device will use the Reconfigurable System-
On-Chip (RSOC) design approach. The device can perform the testing in less than a second and 
its cost is estimated to be less than $100. 
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1. Introduction  
HIV is a widespread disease that increasing across the world in an alarming rate. Early detection of 
people infected with HIV virus is very important to control this disease. HIV testing is generally conducted in 
hospitals and medical laboratories. When testing is done in such settings, turnaround times range from several 
days to several months for specimens sent from rural areas in developing countries [1, 2]. Up to 50% of 
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individuals who undergo testing, including many who are HIV-positive do not return to collect their results 
and thus, much of the benefit of testing is lost [14-16].  
The use of rapid HIV testing kits, which became available in the past few years, has provided a new, easy, 
and fast way for conducting this screening test by health care professionals [16, 17]. A study conducted in 
Canada has shown that 55% of patients use of these kits in emergency departments has left before receiving 
their test results when mean turnaround time for testing was 107 minutes, compared with 20% when 
turnaround time was 48 minutes [17]. However, such delay in providing test results using rapid testing kits in 
low resources settings could be much higher due to the lack of the available medical facilities and qualified 
personnel. 
In this paper, we highlight the use of a device that developed recently to quickly analyze the HIV testing 
result provided by the use of one type of the rapid HIV testing kits. This device is proposed to be enhanced to 
provide an accurate and low-cost Point-Of-Care (POC) that can analyze the HIV testing results that produced 
by all types of the rapid HIV kits that currently available in the market. This POC device will read and analyze 
the testing images and report the results to patients and medical authorities for monitoring purposes. This POC 
will function as an electronic system that will make HIV testing accessible to a greater number of people 
living in low-resource areas. In addition, the POC device will support many other important features that will 
make its use effective in such areas. For example, the proposed device will be self-operated – it will support a 
user-friendly method for reporting the test results through utilizing audio messages in addition to the text 
messages. Therefore, it will be capable of reporting the testing results to the device operator, local and/or 
national medical centers to monitor and provide appropriate treatments to patients. The POC device operation 
will be very simple and can easily be managed by an individual after taking a simple training course on using 
the developed device. 
This paper is organized as follows: the previously developed HIV testing device will be discussed in next 
section. The reengineering of a previously developed HIV testing device to produce an electronic POC device 
that will be low-cost and can analyzed the HIV testing results produce by all kind of rapid HIV kits will be 
discussed in section 3. The paper will be concluded in section 4. 
 
2. Developed HIV testing Device  
An electronic device has been developed that can analyze the HIV testing images produced by one type of 
rapid HIV kits [3, 4, 12]. The device was intended to provide a proof-of-concept for using off-the-shelf 
components and a computer for developing an accurate computer-based HIV testing device [Figure 1]a. The 
device was designed to read the image produced by one type of the commercially available rapid HIV kits and 
report the accurate testing result to the device operator.  
 
 
 
    
 
 
 
 
 
a The device was recently mentioned in many press released by Voice of America, Technology 
Review (published by MIT), Medical News Today, Frost and Sullivan, LabMedica International, 
Science daily, RXPG news, ThatsToday, MeD India, and Dearborn Engineering. 
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The rapid HIV kit used in the developed device will produce an image that contains control and testing 
bars when a drop of blood is placed on the eye of the kit [Figure 2]. The control bar appearance will inform 
device operator that the testing procedure was conducted correctly and that the reagents were functional, 
while the appearance of the testing bar indicates the test result was positive. The developed device captured 
and analyzed the kit’s image and reported the testing results by displaying text messages.  
When the kit produced the testing image, as shown in Figure 3, the device operator can interpret the 
image as a positive test result. However, in some rare cases when the testing image partially appeared, as 
shown in Figure 4, a misinterpretation might occur and especially in case of lacking of professional medical 
personnel as in low resource setting [3].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The developed HIV device was designed as follows: i) a computer-based image capturing unit to 
capture the image produced by the rapid HIV kit using off-the-shelf pixels sensor unit and displaying the 
image on the computer VGA monitor, example of such capturing images are shown in Figure 3 and Figure 
4; ii) evaluating the processing accuracy of the captured image using the Reconfigurable Device-On-Chip 
(RSOC) based processing unit that was designed using an off-the-shelf Field Programmable Gate Array 
(FPGA) board; iii) reporting the testing results by displaying a text message on the computer’s monitor. The 
device was successfully developed and tested where it achieved 100% testing accuracy [3]. The cost of the 
developed device was around $3000. 
The structure of the HIV testing device is shown in Figure 5. The system includes the following 
components: frame capture unit, frame buffer controller, frame buffer, processing core, test result display, 
and network interface. The frame capture unit uses a CMOS pixels sensor and CMOS pixels sensor 
Fig. 2.  HIV testing kit using two bars pattern 
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interface to capture the HIV image from the kit and transfer to the frame buffer located in the device 
memory for further processing. The CMOS pixels sensor interface, frame buffer controller, and 
processing core have been implemented on the RSOC chip. The frame buffer, test result display, and 
network interface components are all off-the-shelf components. 
 
3. POC for HIV testing  
The developed HIV testing device designed to support one type of rapid HIV kits. This device can be 
reengineered to produce an electronic POC that can be used to support all types of rapid HIV kits. Also, 
the POC will be designed to be inexpensive and support features that effectively serve low-resources 
settings. This POC HIV testing will shift the current clinical practice of performing HIV testing in 
hospitals and medical clinics, which may not be available or affordable in poor areas, to any area that uses 
the proposed electronic POC device. 
The overall strategy for accomplishing the development of the electronic POC HIV device to be low-
cost and used in low-resource settings will be as follows: 
  
3.1.  Low-Cost POC   
To lower the electronic POC cost, inexpensive components but they are appropriate and efficient for 
the target application will be used in developing the proposed POC. The POC will use low-cost RSOC 
chip that can perform image capturing of all types of these rapid HIV kits, analyze, and provide the 
screening results [11]. The RSOC chip, such as Spartan 3, will be used in the proposed POC development 
instead of Virtex 5 chip that used in previously developed HIV device. Typically, a Spartan-3 chip can 
support smaller designs compared to Virtex 5 chip. However, from our experience with the previously 
developed HIV testing device, the RSOC processing core to support rapid HIV kits can be implemented 
using a low-cost Spartan-3 chip. Also, our previous developed HIV device has shown that processing the 
rapid HIV image can be analyzed and the testing result being achieved in less than a second [4]. 
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Therefore, the performance of the proposed POC device will not be affected by using a slower Spartan-3 
chip since the circuitry speed of this chip is still fast enough to produce the image analysis results in 
reasonable time.  
The computer that used in previously developed HIV device was required to display the captured 
image of the rapid HIV kit on the VGA monitor and to perform some of the device required processing. 
This computer can be eliminated on the proposed POC device and the RSOC-processing core will display 
the image on tiny inexpensive with high clarity on oLED display unit and perform all processing required 
by the POC. In addition, the RSOC-processing core will have the oLED controller. This design method 
will eliminate the cost of the computer and the VGA monitor.  
The design of the previously developed HIV testing device has used wire-wrap approach in 
developing the pixels sensor unit [Figure 6]. To reduce the proposed POC device development cost and 
improve the device reliability, all components of the POC HIV testing device will be integrated on a small 
Printed Circuit Board (PCB) that will hold the RSOC chip and all off-the-shelf POC’s components and no 
wire-wrap will be used.  
In addition, the frame grabber unit, also called capturing 
unit, has been developed using the RSOC processing core. In 
the previously developed HIV device, the grabber was 
designed successfully using the RSOC Virtex 5 chip to get the 
image from the CMOS pixels sensor and display the captured 
image on the computer VGA monitor. However, a Spartan 3 
chip, 2MB chip of memory, CMOS pixels sensor, and the tiny 
oLED display will be used to design the frame grabber in this 
low-cost POC HIV device. The frame grabber cost for the 
proposed POC device will be much less than the cost of the 
frame grabber unit designed with Virtex 5 chip. The cost of the 
frame grabber unit will be equal to the cost of 2MB memory, 
CMOS pixels sensor, and the cost of oLED, which their total 
cost will be around $36 only. Clearly, using the expensive off-
the-shelf frame grabber that is already available on the market 
will not be used in this POC device.  
 
3.2. POC for Low-resource settings 
The design strategy for the electronic POC to efficiently serve low-resource settings will require the 
POC to support the following design features: 
 Self-operated: The POC will require minimum operator intervention. The lack of availability of qualified 
nurses and technicians in low-resource settings can be overcome with this self-operated device. Operating 
the device will require the device operator to enter the code for the HIV kit, and pressing a start key. The 
POC device will capture the testing image produced by the rapid HIV kit, analyze, and produce the testing 
result. To provide a friendly way of reporting testing result, an audio speaker is required to be use in the 
POC. Also, the text version of the produced testing result is required to be transmitted to medical centers for 
patient monitoring purposes. 
 POC portability: Using the RSOC technology for the proposed POC device will support all POC 
devices’ components to be integrated on a single RSOC chip placed on the device PCB board and will allow 
the production of a small, light weight device. Such components integration on a single RSOC chip will 
help to produce a device that will be very small in size (about 4x3x3 inches) and light weight (less than 
1Kg), which produce a portable device. Also, as the POC device’s components utilize minimum power, the 
device will be designed to be battery operated. The battery operated feature will be very useful; especially in 
poor areas where electricity might not be available. We expected that the device could run and achieved 100 
tests using two AA batteries before replacing batteries or recharge them if the electricity is available. 
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 Device reliability: The lack of technicians in low-resource settings will require the device to be reliable 
and to be used for a long period of time without the need for maintenance.   Hence, device reliability is 
important to avoid stalling the HIV testing service due to the device failure. The design strategy of 
integrating most of the POC HIV device components on one RSOC chip will produce a reliable device.  
 Accurate testing: It is essential that the reengineered device be very accurate in reading the images 
produced by the rapid HIV kits. The device’s testing results should be as accurate as the results produced by 
a medical specialist. The pixels processing approach used in the previously developed HIV device for one 
type of rapid HIV kit will be used for all other types of HIV kits.   From our former experience in HIV 
device development, the use of pixels processing approach achieved 100% testing accuracy [3]. The rapid 
HIV kit’s manufacturer will get involved to ensure that the POC device is extremely accurate in analyzing 
the images produced by these kits.  
The use of the pixels level processing will not only provide accurate analyzing of the image produced 
by the rapid HIV kits but will make the POC device with high speed to enable providing the test result in a 
second.   The RSOC-based processing unit will be very efficient in pixels level processing in comparison to 
the use of general-purpose microprocessors in such POC device.  
 Support different rapid HIV kits: There are different types of rapid HIV kits that are commercially 
available today such as kits from OraSure Technologies Inc. [6, 7], Medmira Inc., etc. [5]. As different 
types of these rapid HIV kits are used in different places, the proposed POC device will be designed to 
support all these types of rapid HIV kits.  
 On-testing Site Device upgrading: The use of RSOC technology in the design of the POC will produce 
a very flexible device that can be upgraded to support new rapid HIV kits, which could be appeared in the 
market after the proposed POC device design is completed and released in low-resource settings. Also, the 
design of the POC device can be modified on the testing site to support any new required device feature. 
Such design modifications can be carried out over the same RSOC-based POC device without the hassle of 
replacing the existing device [18]. In other words, there is no need to replace the device with a new one to 
support device upgrading. However, using other available technologies for the proposed POC device design 
such as Very Large Scale Integration (VLSI) and Application Specific Integrated Circuit (ASIC) will not 
provide the device with flexible design feature [8 - 10]. Therefore, the use of RSOC technology in the 
proposed device design will be the most appropriate approach for the development of the proposed POC 
device.  
4. Conclusion 
Reengineering a previously developed HIV testing device to produce a POC for HIV testing has been 
presented in this paper. The POC use a design approach to support a low-cost device by using low-cost 
components in this device development, which make the device to work efficiently in low-resource settings. 
The POC can support many design features that will make this POC effective ad suitable for low-resource 
settings such as self-operated, portable, reliable, accurate, site upgrading, and support all types of rapid HIV 
kits. 
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